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(57) Abstract 



A yield enhancement system organizes defect classification and attribute information into a global classification scheme. The global 
classes are used to identify defect sources and to generate inspection and review plans. The system accumulates defect information in a 
database and continually refines the information to improve the accuracy of the classification assignments and the identification of the defect 
sources. 
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FAB YIELD ENHANCEMENT SYSTEM 



HELD OF THE INVENTION 

jhe present invention relates to semiconductor fabrication systems 
and. more specifically, to a system for identifying the sources of wafer defects 
and using this information to control the processes in a fabrication plant. 

BACKGROUND OF THE INVENTION 

Semiconductor fabrication involves processing a piece of a 
semiconductor material (referred to as a wafer) to create electronic circuits 
such as transistors, resistors and inductors on the wafe^ These circuits are 
formed by depositing material on the wafer, doping areas of the 
semiconductor with other elements and etching the wafer. These processes 
also create the connections between the circuits. 

Although a wafer is relatively large (e.g., several inches in diameter), the 
circuits are quite small. For example, state of the art fabrication processes^ 
can produce a circuit having'a feature slze^^^^ sub-rtiicroh range: As a 
result, the error tolerance of fabrication systems is very small. Consequently, 
even the slightest error in the fabrication process can cause a significant 
number of defects in the processed wafer. - 1 . 

■ The incentive to reduce the number of defects in the wafer production 
process is compounded-l^y the cost of the fabric?ition plant ("FAB"). The cost of 
building a state-of-the-art FAB typically exceeds one billion dollars. As a result. 
\ it is imperative that the FAB yield be as high as possible to maximize the return 
on this investment. ''^ 

■The need to increase the yield in the FAB has led to the development of 
a variety of tools that identify defects in a vypfer; Some tools enable a FAB 
operator to visually inspect the wafer (dr 'a representation of the wafer) to locate 
defects. Typical tools of this type include optical inspection systems arid 
scanning electron nriicroscopes ("SEMs"), Other tools provide defect 
inforrriation' in the form of data. Several of these tools group-the defect data . .. 
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into classes. Given that similar defects may be caused by similar sources, 
this technique allows a FAB operator to more easily identify certain sources'bf 
•defepts. 

In sum, conventional FAB tools may provide a plethora of FAB defect 
irifotmatiori. However, many of thJsse tobl^ do little niore thl^h geherate the 
' informatibri and ieave 'it to the operator to sort, clasisify and interpret the data, 
thus, a need exists for a' FAB yiel'd Enhancement syitena that can interpret this 
data arid provide if to an "operator in'thaihner that enables the operator to 
efRbifently locate th^ sourdes of the defects. 

~ : ^ SUMMARY OF Ti4eINV^NT|6n ^ 

' ^ The present invention provides ah automated yield enhancement 
system that identifies sources of defects on wafers arid uses this information 
to'contrdf the fabrication process. The System boilects defect information from 
the'tbofe in the FAB and produces defect classes, throughout 

the f^bricatibh prbcess, the' systeni contiriuaily uisdates ariti reclaisiifies the 
global classification based oh the current arid VnbV defedf d the 
defect classification infbrmatibri and dther'FAB data, the' system automatically 
identifies the sources of the defects and refines'tHfe'ahaiys jDrobedures used 
by the FAB inspection ah review Idols, in addition, the sysfem^'m^^ use the 
defect information' and other FAB data fb automaticsilly adjust the operation of 
the' FAB process tools to prevent similar defects frorn beihgi forfhed on 
subsequently produced wafers. 

In the global classificalibn schenie, each defect is classified according 

' to its characteristics; Preferably, these characteristics b^ar on the source or 
the severity of the defeict! In bontrasl with convfehtiohal systems^ a system 

' constructed according to the inveritioh provides ^ sirigie, global classification 
scheme for' defect informatibri that may originate frorn a vsiriety of tools that 
may otherwise be unrelated. . ' 

The system stores the classification data and other information related 
to the defects in a defect database. This information may include 
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, classification, identifiers, .defeqt sAurce candidates, and paranpe^ers that 
represent a relative ponfidenqe^evel. that the identifiejd candidates are indeed 
the source of the defect. . In addition, the system may store optical , review data, 
SEMJnformation and wafer 4efect maps that are gs^pciated with the defects. 

As new defects are processed, the information for the defects may be 
compared with corresponding information in the defect database. These 
classifications. are continually xefined and, updated based on the defect 
.information and other inputs frprri the FAB such as parametric data generated 
- by te.sts conducted pn the wafer. ... . 

, ^ To identify the source of^a defect, the system, processes the_ 
. .classification data geo^.rated byjhe yield enhancernent^s^^^^^ defect 
_ spqrce data provided by FAB tool vend^ Once, the potential source of a 
. defect is Jdentifiecl. the^^^^^^^ may use^this information, to modify ,the 
JnspectiQ^ and rfyie\A/ .plan5 for the optical inspectipn and review tools, the 
SEMJnspectipn^^nd rei^ tools or any other inspection:, review or metrology 
tpQis, , In. addition.. N^^^ source pf the defect is asspciated with, a process 

tool that may be cpntrolled by,the^ yield enhancerpent systenri, the system may 
gutomatical!y adjust Jhe process t^^ eliminate the defect. in subsequently 
fabricated wafers. 

By continually updating the ciefect information and the review tool 
procedures Jbased .p^n accumulated dataj^ tha systern may identify the sources 
of the^defects^mpre accurately th^ Moreover, by 

iritegrating <|efeqt infpjirpatiQn from all pf the FAB toqis^ thei system may quickly 
. identify the spgrpe q| a defect and .automatically correct the problem or enable 
the FAB operator to do so. 

^ ^ei^UjgF PESCRIP^^ 
These and other features of the invention will become apparent from the 
following description and claims, when taken with the accompanying 
drawings, wherein similar reference characters refer to similar elements 
throughout and in which: 
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FIGURE 1 is a block diagram of one embodiment of a FAB including ^a 
yield enhancement system constructed according to the invention; 

FIGURE 2 is a block diagram of a FAB process flow for one 
embodiment of ,a yield. enhancemenXsystern constructed according to the 

inventiorn; . - .„ ■ ,, •, , • ■■ ....... ^ . 

... . FIGURE ,3 is a flowchart HlM.strating.defept processing operations in one 

• embodiment of a yield enhan9^ment system constructed according to the 

.inventiq;i; anid . - : . . . ... . , , , 

. FIGURE 4js.a,:f|owchar| illuftratin^ a review plan refinement process in 
one embodiment of a yield enhancement systenri constructed according to the 

-invention.:,-. ; .; C ' . . ■■ ■ .^cv 

DE3CRIPTION OF E^CEiyiPLARY ENIBOPiMENTS 

In FIGURE 1, a yield en haOQement system 18 in a FAB F processes 
e. defect .data and;OtherJnforn?iatipn.g^ne?lt^^^^^ and several FAB 

tools 22, 24 and 26, The. FAB hpst generates. w^^^^^^ data 
... that provides information about tijp wafer (curfentiy. beinp p^rpce^ed. The 

V inspectibn tool 22 automatically .generates' yyafer deject maps .and , optionally, 
... automatic defect classification , data and.^pther mforrna^^^^ to defects on 

the wafer. The automatic defect classification data may include, for example, a 
.-. classified v/afer defect map, d^^fept cles? data and defect attributes. The 
inspection,tool22 can be, for exarnpie, one or rnore of the "ORBOT WF 7xx" 
series equipment available froip Appjied.. M^^^^ of Santa Clara. Califomia. 
The review topi 24^.may be used to review the wafer according to the defect 
map. : 11 used,; the review tool .24 may generate images of the defects and may 
provide additional autonnatic defect classification data and other defect 
information. - Jhe review tool 24 can be, for example, an' "OPAL 9300" Defect 
Review 3EM. available from Applied Materials of Santa Clara, California, 
c Irrespective of the.. defect irispection and review, th^ test tool .26 performs 
ejectrical tests_^pn the wafer, . These te^ts produce infor^a^^^^ relates to 
the. actual operating ptarameters^ jpf^^ . . 
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The yield enhancement system "1 8 inclades several components that 
cooperate to identify the sources of the wafer defects and imppovd the wafer 
inspebtion process. An integiratied autornatic defect classification ("lADC") 
component 26 integrates trie inform^ provided by th^ f obis into a global 
classification scheme. It then refines this information in an attempt to 
generate the best defect clabsifications assignments for the current 
production process. ' ''""'^ • 

A defect knowledge database 30 accumulates defect data generated by 
the process tools and the yield enhancement system 18. The defects 
database 30 provides a referehce database 8f known defects, their 
"characteristics, and their sbd'rbfe^' ' ' ^: - l - 

* An automatfe defecf s^ 
infofrnatidn from th^^^^ TheMderitification system 

32 then applies intei ^algorithms' to this'- inforrnatioh to identify the 

sources oflhe defects,' In addftionrthe identification system 32 may provide 
defect warning^^ validate the sources of the 

defects, Vnd suggested corrective actions to fix the problems. ' 

A smart sarnple planner 3^ uses the classificatibh data and the , 
accumulated knowledge in tWe System to optimize the FAB revitew. the 
inspection strategy and' the civeratf sampling strategy of the FAB. 

With the above overview in rhihd, the details of 'the -system will now be 
discussed ih more detail in- c^^ 2-4. FIGURE 2 

describes ai process fiow ih a FAB that incdrp6rates'#y*reld enhancement 
system according to the pTesehf ihvention. ' FIGURE 3 describes data flow 
associated with ah IADC. FIGURE 4 describes d embodiment 
of yield control plarihing arid siaftfple planning processes operative according 
to the inveritibn . to reduce the bomplexity of the dr^vvings, only one inspection 
tool 22, review tool 2^ and test t6dr 26 may belliustrated m some of the 
drawings. It should be appreciated, however, that a given FAB may include 
more than one inspection tool 22, review tool 24 and/or test tool 26. 
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Referring now to FIGURE 2, a wafer 40 is sequentially fed to an 
automated defect inspection tool 22 and, optionally, to an optical defects ' 
- review tool 24A and a SEM defects review tool 24B as represented by dashed 
line 41. At each stage of the inspection and review process, the tools send 
defect ihfofrri'ation to the- yield enhancement system 13. The yield ^ 
enhancertient system 18 "classified ?th& d6fect:data, . stores, jfe 
^k'&base 30 ahd, as necessiry, prdvides updated review procedures to the 
revieW tool^ 24A and 2i4B: • " ' * ' ^ - ^. 

- The inspecfiofi tool 22 gehersites; inspection data including defect maps 
44 and, optionally, classification attributes and classification. results. The 
claisificalion eittributes refer to internriediate- level .data... That is, th^ results of 
' tool sensing or iniage probessing.; Tool sensing may involvej for example, 

analyzing the wafer with a tool that uses a light source and a light sensor (e.g., 
" a''<5hi=9^0iipl^;d6Vicfe>. These results may Ibexharacterized as a collection 
■ ' attrieitites such as gize;- location; §haper color, position on the igyer and 
' ^ sensihg^ signal charactenstic (^:g.. "signals ffom the^ tool; sensing- that are 
proportional to the intensity of the detebted-|ight):n results are 

class identifiers^ Each autoniatic defect classmcation ^too! (e.g.. v, 22, 24A or 
24B) may define its own set of specific identifiers anctassocjatf^d. classes. 
' - 'the inspection tool 22 sehds^its defectsinformatiQmto the lADC 28. The 
lAb6 inalyz4s this infbrniatiori and identifies, clusters cDf defepts./epeafing 
defects^and overlay defects. In addition, the lADC caleulates-ia spatial 
signature analysis for the defects. - . ' i '. 

: Using the-'defecf cl&sslfiba«0h-aataVthe>:IA©C- 28 generates alarms and 
warnings that are bas6d oh control limits, for defect le.veis, defect distributions 
and other criteria: Iri additiorii the lADC generates a review pla.rv.for an optical 
revieW 'stki6n '24A,^ a §"EM review statton.24B.Qr any other review tools, as 
'necessary: ' ' " • '• ■•'-■■j : . 

■ ' ~ If the'wafer 40- coritaihs' defects that heed to be studied further, the wafer 
40 may be sent to tKe optical defects review toor 24A,r The reyiew tool 24A 

■ ^feherates' a cliissifiea defeets'map optionally, optical- 
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based automatic defect ciassificatip.ns (not shown). AgajOv the, defect 
-'classifications- nnay indudfe classlfipgtion attributes and plasslficgtion results. 
- ' . The lADC 28 processes this information to ot>tain global defect 
classifications. To this end, the lADC may re^tine the .data using data stored in 
the database 30.' Jn additipnjithe :IADC reclassifies . incoming defect 
Information to. conform tOithe global, classifications that, the. lADC ,hias 
generated for all defects, m the, . FAB. Finally, the lADC assjgns a. confidence 
level to the defect and stores this information with the d.efect in the. defect 
■•^^database^SOr ■■ ■ •. .i ■ -■■ k -.■ - .r. -^ro c/'';^- 

i.-; - -.in r6ne embadiment,-,defects..-are classified in the .glpl3^^^ 
-Nscheme based on sim«la&;SP.ati^;rsignature arialys^^i^^ and, similar on- 

=' HBfe-fly 'automatic defejcfeicjassificatioa resulte.^. Ir^^ the images may be 

- ■ ^sci^iated: wrffi therdefect data: per ttie defect classification scheme. In any 

•■ event, 1h6^diefeGtscare.pjesented to the FAB,.operatpr as. a single, unifomi set of 

>: '\' As"above,'-based on the defect classifications, thq lADC generates, 
alafrhs and warnings- in .addition, if needed, the lADC generates a SEM. 

review planJ ■- ■ - ..'■oi^-i.r ■■• ;•. ■ . 

If SEM review is desired ,,,th.ey wafer 40 is seritto the. SEM defects review 
tool-24B- The review tool: 246 gp,nerates a .r^-classified defect map (not 
shown), SEM defect imagiss and, !G.ptiona!ly;...^EM-based^ defect 

- classificatiOTis and. if neededv cpfTipositiQn^.data s^^^^ as EDX-.. 
The lApe 28 {SrSceSses the SEM Jnformation tOjfyrlher refine and 

globalize the defect information and assign new confidence levels to the 
-• ■ re^^^ Finally, thelADC generatesi.alarms and vyarpin^s. as necessary, and 
- ■ stores -the classified defect map jn the .datab.ase 30. . 
■ -c :; : . - FIGURE 3 describes^ therbasic operation?, pf^^^ 2,8. Briefly, the 

lADC 28 receives defect data from the Inspection and review tools 22, 24A and 
24B. At blocks 50, 52 and 54, the lADC 28 classifies the defects based on the 
defect data and data from spatial signature analysis 56 of the wafer defects. 
The lADC stores all of the data related to the defects in the database 30. Thus, 
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the defect data is readily available for future classification searches 58 and 60. 
In addition, as represented by blocks 62 and 64. the lADC 28 has "learning"* 
capabilities in that it continually refines the defect classifications and defect 
source data based on received defect data. As discussed above, the defect 
source Tderitification system 32 uses the =dbfect -data to identify the source of 
the defecfe and Initiate corrective action'. ^ ; • 

' ' Turning how to trie'detaiis of FIGURE 3, the IADC'28 aligrrs%nd 

consolidates the defect data Trbrti all Vne local automatic defect classification 
■ ("ADC") tools to product unified blassificatio .<:--.■-' 

Each of ADC tools depicted in FtGUFiE 3 arialyze's* detected defects and 
■ generates defect ^ttribut^ data.' For exa'iTiple, referring inftially to the inspection 
based ADC tdoi 22, the todi 22 inspebts the' wafer and "classifies -detected 
defects. Whfen Available (for ^xdmpl^ when- lining the "ORBOT W 7xx" series 
' ■ equi|3meHt), th& tool 22 performs brWHe-fly-automaitic defect classification. 

Tool 22 then seYfti^ the'local' autdmatid^'defe'dt" classification "attribtife data (e.g., 
" intensitvr'bf ^battered ilgrit, We!) td'the lA^ ^8 'as represented by line 66. As 
represented by block 50,' the 1 ADC' p^ the attn&iSt& dbti^^ the tools 

(line 68) ■ alon^ with spatfgH signature analysis mfofrriatibn"(l^^ and data 
from an ADC learning syltem 64 (Via tiri^ 6'5) to 'generate 'iht^grMbd attribute 
classifications. TTie "spatial signature analysis Infbi-mMt of a 

convbritibhar set of ^l^brithms thit'd^scribe & zonal Srialysis of defects 
distributed across the w^ifer^ The ADC 'liSrmhg-s is-described in 

more detail below. 

Each' bf the ADC tobis 'depleted in FIGURE 3 also -processes the 
attribute data to clasSilV the defects intd Ibcai; tobl-specific ctasseis as 
mentioned above^ Refern again'to the^ihspgctibn based ADC tool 22, the 
tool iis pi^oVfdes local Automatic de^^ct claSsifibatlbn testilts classified 
' defectrnapj to the lADb 28 as represbnted by iirte 72i' The I ADC 28 uses the 
cla^s data frbm the tbbls (line 74) and the integrated- attributes (line 76) to 
generate giobaiiked dtassifications 52. At this stkge, the various class 
'"^ identifiers from the FAB are4rans?ate^'ihto'a ufiifofm; global set of classes. 
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o The.JAPC 28 .stores..^H,of ,tbe classification parameters related to the 
defects in the database 30. Specifically,,. the lADC. stores tY}e refined 
; qiassification data .(line 78) and.ttpe integrated attributes classification 
inforrnation (line,-80) jn the defect Knovyledge databa_se 30. This includes 
automatic defect classifloation. attribute data Xblppk that may be accessed 
= - - during knowledge-based searches pf t^^ 

. The lADC 2& also stores defect, image and_.c (line 82) in 

, the database 30. -This i.nfprmation originates from th^ optical tool 24A and the 
-SEM tool 24B in ;the,fe)rm,of rawjmages and materia! identification data (line 
. r:c 84).p Typically,, the. lAQC use infprmation during ^knpwled|ge-based 
, d : r : ■ vi5§3irP'^®^ 58 . of thf defect .database 30 .as, d jscu^sed below. 

^/ V ' DMrinjg the: classifi^^ti^ lADC g8 refines and. corrects the 

ci. \y ; gJ,o^§) ^cJagsjficati^^ (line 86) .and4he Jntegra^^^ attributes classification . (line 
£ r^:; 87);* to provide 54)^. By .cornbining the 

v -da^ta frofjn t^l^ lADC can provide g more., 

accurate. Giassificati9.n loc^l .classifications. . 

: ■; 3 ; The. .clgiS$ificatjpn refinement operation may ta^^^^ For 
example, the lADj^. 28 may conibine the results of specific defect . 
classifications (e.g., inspection based ADC 22 or optical review ADC 24A) and 
: spatial defects _distribiJtion cl^§.ssi^ signature analysis 56) to 

... : refine the clas?iffcatiojn ^nd .i^nc it's^aqcuracy. . , , ^ 
'.'-^ ' : ' /One example for pjoviding.the glabaj. classification js by using 
-.;Ti-:^B' : weighting; and grababjlity factors. That is, eapji topl sends classification and 
: zer-y) ^ileyel/of confidence d^ta tp-the lADC 28.., If a. conflict arises,,the lADC 28 can 
r :i V apply: tji.e leyel of confidence to the classification Qfeaqh tool to arrive at a final 
: :c: determination. T^^ and X2, and levels of 

^ ^ veonfidence^Pi andcp2,,^he.l^ Pi(Xi) XPzQ^zj -> Xq. where the 

classification of Xg can be determined from a look-up table or using a 
threshold. 

Using weights assigned to each tool, e.g., Wi and W2. the lADC 28 can 
give preferential treatment to certain tools (e.g., a higher weight may be given 
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to a high sensitivity review tool than to a fast scan inspection tool). Thus, the 
lADC 28 will perform W, • Pi(XO ^ ^2 • = X3. The weights can be • ' 

specific to a tool and can be individualized per class of defects. As the system 
' learns the sensitivity ,of the tools to the specific processing lines (using prior 
T correct/incorrect classifications,)Tthe weights can be adjusted accordingly. It 
^ ■ sham be appreciated that for a ceftein tool/class, the v^eigHt can be set to 

zero to ignore the classification provided by that tool. In ^ similar fashion, FAB 
' , frequency. can be taken into account. 

. The lADG,28.rpay be integrated into the claissification chain depicted in 
: FIGURE 2. In this case, the classification is refined after each stage in the 

chain. That is. the classification is refined after the' insjiection based ADC 22. 
; It is refined,again,:after the optical review ADC 24A ah^ afterthe 

7SEM.:ADC24B«., , - .......... . . . 

r -^, Furthermore, the lAPP 28 may iiTteg^^^^^ 

system that combines all past defect ^^u(ts and spatial si^riatui^ analyses. 
: The results of a knowledge^based^clpssification bf more class identifiers 
and related data) are processed (line 88) by the enharic^d ADC component 
. 62. From this, the competent 62 generates a classifie^^ "i^y 
- include.the . original, input data (classification attributesj. the original 
classification data, the intemiediate refinemert d^a arid th^ final classification 

•V. ^ ' data/: ' , ; .' r'-: .r ^...v . 

the classification- history data is used (line 90) by the ADC learning 
system 64 to .assign, and, refine:conf.dence levels and weVg^ 
results and -to optimize, the integrated ADC operation for faster and more 
, accurate classifications. Thus; the learning systeir, 64 uses information from 
, prior defects to. opntipugHy refine the das^ificatibhs and the as^ of 

defects to those, classifications. 

. . - The classification. prpcess may be better uhdei-stood by way of the 

" following example. . Initially, the lADC 28 receivW defect inforrihation from one 
. . of the ADP tools. ,The .defect may .be. for example; S'forefgn particle on the 
, surface of the-wafer where the particle has shape. In this 
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.•exa.mple, the received defect Information may initially only include.the local 
class. number (e.g., the numBer 25) tHat the ADC tool Bssigfis to this type of 
defect.,. Preferably, the defect infofmation also includes -a confidence level 
determined by the inspection tooL ' - " ; . • :v 

The next step in the process rfiay depend on the reported "confidence 
level or the confidence level that the lADC assigned to the local defect 
, classification. For example,' when there is a Highi level of confidence that the 
APC tQpl accurately identifies this class of defect' ttie->IADC may simply 
translate the local class into a" global class. A high level of confidence for a 
given, local class rjiay be indicated by a high confide'hce valiie'teliative to the 
,con|fidence level of other classes assigned to' this d^fec^f by other ADC 
-...prppesses (e.g.. 90%^^^^ " ' -~ ^ •■^ ■ -■ . \ - • 

... . When a transiation o? this particular I'bear class to a global class has 
been predefined, the translation pfbcess may simply involve changing the 
..class aumber. When the translation has not been predefined, 'however, the 
IA,pC.must fit the class into an existing globat class or generate a new global 
class for this type of defect. ' "' ■ ' v 

.Jf the confidence level is not particularly high, the lADC 28 may perfonn 
additional. steps to calculate ah appropriate global class. This may be the 
ca.se, for ex^rnple, when two ADC tbbis assign- dilfereht classes to the defect 
and each class has approximately the' same confidence level. ■ 
. ... , In tills case, the lADC 28 may reqaestttYe defect att^^^^ 

sensing attributes such as intensity levWl or defect aflfib'uteS such as whether 
, it is a. particle; its size: e.g., lessihan 0.1 microns r afid- its iShape: e.g., 
:., approxiraatejy round) from Ihe ADC tools gihd assign a class based the 
- v corre^p.pnding defect attributes 50 arid/or on spatial signature analysis 
! irifojmiat.ion.56 associated with the defect. Th may-involve, for example, 
comparing the defect attributes with" the attributes associated-with the global 
classes. 

In addition, the lADC 28 will assign an initial confidence level to this 
class. In accordance with the invention, the lADC may assign a confidence 
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level by combining algorithmic approaches with past empirical data. For 
example, the confidence level may be based on the relative number (e.g., *' 
percentage) of matches (e.g., for size, shape, density) between the class 
attributes, and the attributes associated with the defect. The class and/or the 
confidence lev^Ltriay thep bejefined by subsequent ADC processes. 
. . . jhe case where tvyq ADC topis (e.g., 22 or 24) providie conflicting 
clarification data illustrates a situation where the ADC learning system 64 
.may be used to control the. ADC tools to improve the inspection and review 
process in the FAB.^i.Spme ADC tpols have variable defect thresholds or 
decision criteria , For example, an ADC tool may be; configured so that only 
signals above a certain intensity would be reported as defects. In this case, 
after the proper .classification has been determined, the ADC learning system 
, .64 may s^nd messages to the appropriate -ADC tools to change their 

- threshold settings, to result in. a proper ciassificatjon In future inspections. 

: rAlternatiyely, .th,e.leai;,niqg system 64 ma^ message to a display device 

92 that .Informs the .FAB operator that the thresholds of the ADC tobls should 

be changed.,' . - , ... . . • ■. ■ ■,: ,.: , 

If the confidence leveljs still unacceptably low after the step previously 
. discussed, the lADC 28 may attempt to .classify the defect a 

- -database search. In. this case, the I ADC will "compare the 

t .sig^^ature gnalysis, .the, defect maps, the image data arid "other information 

- associated with the defect vyith the knowledge search information (e.g., 58 and 
6a)-stored in the database 30. As above, the selected global class and 
confidence levels ^nay be based on the relative percentage of matches 
between the infqrrriation. associated with the d^^^^ information stored 

Jr) the.database-30.. , ^ , , ,r 

Using the defect classification data and' other "FXb data such as overlay, 
yield and kill ratio information, the lADC 28 attempts to generate (line 94) the 
: ;best classification possible for a given production line.' This "classification 
may include a class Identifier for each defect and potential alternative classes 
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in case of inconciusive' class identification^ In addition, the lAbC typically 
produces a confidehbe level for each of the classifications. - " 

It should be appreciated that the use of the 'dat^b'ase 30 as described 
herein provides an advantageous method ctf coordinating the vTaVious 
processes of the yield nnanagement systehi 18. the database 30 stores 
information that is used in the defect classification process, irt the defect 
classification refinement process and in the defect source ide'i^tification 
process. 

Briefly, the database 30 stores all of the clefect dkta includihg the defect 
attributes, spatial signatures! the local arid gldbai clas^esf confidence levels, 
defect densities, descriptive texts of the ^vfehts, wafer map^sihd images. 
Database 30 may also store mahufacturef-specific d^ta. For Example, a 
manufacturer of ari etch cHamt)er may l^rdvide specific data related to defects 
caused by corrosion in the chamber. Such data can help in pointing out;the 
specific cliamber causing' a specific defect. 

! By storing air classification^ d^^^ the database 30, a' yield engineer 
can access this data to determine how a specific classificaiioh was assigned. 
Moreover, the yield engineer may perform nriahual fclas^ifidatloris whereby the 
engineer manually "teaches" the system to tie 'specific parametei^s to a 
specific class, thereby customizing and imprbving the classifidation results for 
a particular FAB and application! this pFocedui-e or a similar procedure may 
be used at a later date by the systerfi or by the FAB engineer to assign a class 
to other defects. For example, the yield enhancement systerti may be 
programmed to follow similar procedures to jierforni automatic defect 
classification. 

The I ADC 28 iaiso uses the ihformatibn in the defects database 30 to 
validate the algorithmic classifications oh in ongoing basis! Thus, over time, 
the accuracy of the algorithmic classifications will increase and the chance of 
erroneous or fruitless classifications will decrease. Moreover, it should be 
appreciated that the database 30 may initially be configured without any defect 
information. In this case, the yield enhancement system 18 can add defect 
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information to the database as it acquires defect information from the FAB 
and/or the operator may input information that correlates the defects with *^ 
. potential sources, or with manufacturer-specific data as it is received at the 
FAB. 

" " ^ Given FAB yield data as ah inpul, tlie:iADC 28 can correlate yield results 

to specific defects and defect classes. As a result, the lADC may refine the 

- identification of killer defects. This- may^ in turn, enable- the yield engineer to 
ignore'a significant percentage of nuisance and red uridarit' defects, while 

"'concentr'ating on avbidiri^ Iclller dd^ : . / : : 
— ^ Referring now to the defect source Ideritificiatioh system 32,^ the 

■ identification sVsteVn'32 u¥es the information fr6rh the lADC (line 94) and the 
database 30 to'identify pdtentiar sources f6r a given defect or a blass. In 
particular,' the iderttification system' 32 ma^ use the defect source information 
"stored in the da^^ 30.- This Informatibh typically would be in the form: 
' machine "Sc"' rnay rta[ve probferrf of class 

^ '"z::"' Such' info^rr^atid^i mfay bfe a 
■ ' The defect sburce ldeiitiffc 

complicated defect root causes analysis. Tor exam^ thfe Identification 

- system 32 may identify^ a defect soui^ce usirig^he'^p^fic^ and defect 
class identified by the inspection ahdTevieW'tbols 22 an local and 

^ glbbat classification diata and associated sburce inforhriatibri frorh the lADC 28 
' and the database 30: For example, a class that covers missing or extra signal 
' path patterns may reike to a problem in the phbto-re^ process. Thus, the 
" source of this problem may be the intrbductibh of a -fdreign^piarticie prior to the 

etch process. Aiterhatively, aneimbedded particle may indicate a problem 
^ before the depbsitibh process. -The 

specific bquipimenVin^m^^^ data is 

available.''" " ' 

' ' 'other inputs to the id'erttificatibh systerh =32 may Include work-in- 
progress ("WIP") data ahd-yield data frorh the FAB Host system 20 and the 
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accumulated^ statistical probab data, calculated .by. the yi^d enhancement 

-.:The defect-source identifiqatio 32 also generates, automatic 

alarrns arid, wami.ngs^ associated vyith the class identifier(s),as configured by 
the FAB. In particular, the yield enhancement system 18 can provide class 
density, rnonitpring: rather than conventional total density. mqnitoring. Because 
. prior high defect events fnay bq on a per clas,s basis, the yield 

v_enhancennetit system: 18-jCan - alarms based^on a threshold for 

: .i specific classes.- This is in-.contrast to many cpnyentjonaL systems that 

3,genexate alarms; based on a thresK^^^ for th^ sggr^gate pf the de^^^ As a 
iC ^iresujt.-using ,a yield:pnha^ sy^Jem constructed accprdiq^Jo the 

invention^, the .yield .angineef c%n, rapi^l^^ identify^^develpping excursions in a 
n : giyen.ictess tkrbat ;WGuld.pth|S^^ insignificant (and hence relatively difficult 
: V tP identify) inifela^^^^ ^ , , . 

: :'Cs:eThevrtefe^ct;;SOurce ideritification system 32 may generate suggested 
r ^■)te^st procedures tp-y^rifyvthe identification of the source of the defect. For 
' example;, , the Jdentificat^^^ system 32. rnay/identify. a,givep sub-process of a 
process tool ;Xeig.,r:an incorrect temperature at a given etchpr; stgge) as a 
V possible §purce g| a defect. Jithait process tool (e.g., the etcheir) has a built-in 

self-test' for that subrprocess,- the identification system .32. m automatically 
. . sendjja: message to the prpceg? tpol.(us|cig the^WIP data.that identifies the 
etcher number) requesting tfie process, tool tp T^n,a s^lf-tesj. in addition, the 
-identification , systern 32 also.-reque^ts the-proce^s tpoLtp send back the 
results of the test to the identification system. This may he done, for example, 
' rby sendiFig an appropriate message tp the. process topLor tools 96. If that 
: - ;subrp.roces^S::fails (e.g;; the temperature is incorrect),, the.identification system 
32 may increase the level of confidence that that sub-process is the cause of 
the defect, as appropriate. 

The defect source identification system 32 may initiate corrective 
procedures to fix the problem. In the previous example, the etcher may have 
an interface that allows a remote device to adjust the temperature by sending 
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an appropriate command. In this case, the identification system 32 may be 
configured to send this command in the event the self-test failed. Alternatively, 
the identification system may be configured to display a message on the 
display device 92 that informs the FAB engineer to check parameter "x" (e.g., 
temperature) on rnachind "y" (©-g-. Etcher hurilber 4)v ' ' 
■ FIGURE 4 describes yield^^coritral planning -and sample" pJanning 

oper^tiohis in accordance with one embodiFnent'df the invention: A yield 
mbdelihg and piaririing component 1 08 generates a yfetd control and strategy 
'plan 110:' Typically; an initial plan is developed' when the" FAB is set up based 
oh simulation modeiihg of the performance and liitferaction of . the equipment 
installed in the FAB: In accordance with the ihvfention, a smart^sample planner 
34 continually refines the yield control pian (e.^;, the wafer inspection: and 
review plians) based oh" in-line information such- as WIP data from the FAB 
equipment; actual wafer yield data and AOG dataL^as discussed, above. 
" In the yield' control pla^ 

modeling iriborporates maitheniatic^^^^ and simulatibn^ialgorithms to 

generate (line 112) predictions of yield sen each layer and for 

particular areas on the chip. Pr-edictions mky alSo be generated: for potential 
killer defects sizes, distributions, and quantities:- l^^ro^^ yield 
modeiihg uses histdncal data and statistical' analys!s:and prediction to 
generate (line 114) predictions of defects fof a^set df 'processLtopls. ? 

From this infomiation arid the results frorh process interaction 
modeling (line 116), the modeling arid planning "component 108 generates 
yield predictions for the eritireMine and the spedfic'^ modules (lines 

"118 and 120).' in addition; the cbm'ponent 108: generates:y{eW for 
each process'moduie and for each process tdol in. the FAB (line 122). Finally, 
the yield control compdrient llO generates'the yield control plan (line 124) for 
the ehtir^ production line. This plaSi may define W tools are: used in the 
fab; It rriay 'define how to position the tools iand hoy/to use.them. ' In addition, 
the plan rhay specify which w^ . - - ; - ; 
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The sample, planner. 34 uses the in-line defect, classification, data 
discusse.d .above aj!id other aceuTOuJated knoyvJedge in the system to improve 
the effectiveme.ss of the yield control plan. By continually refining, t|ie, yield 
control plan, the sample pl.anner;34swj« eriable th^, yield engineento more 
effectively focus oti kiiler:.defects and defects. qf interest. .As a-resylt, this may 
reduce the amount, of time vthe.yield engineer spends reviewi.ng defects on 
:.' .each, wafer and reduce the. number ^of . test wafer that rnust be waited when 
: ..setting up a wafer proQje.ss in the FAB. , .. ., ,:. . . 

.The sample planpi.er 34; generates a preliminaryjnspeptipn and review 
. -plan ■(line: 1 26) usjngvthe yield coritrpUpIan -ancUsm. enharvce^. set. of. initial 
planning rules, (line 128)..^;-Tb.p in.itial. sample ^p using efficiency 

r nrestinaations.-.(line 13Q) to produce-.the wtafer. i^^^ (line. 132, e.g.. 

:which. w.afejrto inspe.c^,,wbenitq#spe.ct .it, and how, to inspect itK an optical 

^ -. ^review pian Kline 134) an(d.-^ ;. 
\ b-?c.:.C:-,Using?4bertabQv.erinfQrrTiation, the sample;- planner^ generates, inspection 
. ' recipes: thafc are.-tuned :and.pptimized. for specific layer in.spepteci. The 
samplesplajiner: provides opfimized ADC, , by an inspectipn tcjQl, (re-visited) 
and/on by a^review tool? :The :samRle, planner alsQ may provide an optimized 
. sarriplihg plan.for.the review tool. t, - ,^ ......... 

Tkeisample planner rnay . be prograrnmed, to "te^^ 
i- i . defects^-warrant further revi^ and-y*/hich. type of. de may bf skipped during 
~ . the reviewprocess.- For example,- if a- hundre.d partiples arg^lQpated at a 
:• ; -specific location on the yvafefi . it maypniy ,. bg.necessary .to review a..few (e.g . , 
-i five) of: these particles with the^^review.topl. .TJ;iis.niay be. th^ where there 
^ ."iis a relatively htgb level of eor^fidence in the defept iriformation pjpvided by an 
inspection toiol that indicates that all . on,e hundred of the .defects are similar 
particles. This high level of confidence may result from, for example, prior 
occurrences of similar defects. Thus, once the system is tuned and there is 
confidence in the inspection tool, this information may be programmed into the 
sampling plan so that the review tool automatically reviews just five of the one 
hundred defects. 
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As discussed above in conjunction witli FIGURES 1-3, the inspection 
and review information is then fed back into the yield enhancement system 18 

. (line 138). The fed back information is used for efficiency evaluations and to 
generate proposed enhancements to the inspection and review plans and for 
an efficiency 'evaluation of the original' iiisiaeclidn plan (line 140): ' These 
enhancements are "based on the inspections and r4vieW dlr^et results 

^ (defects of interest) and bn thg historical cortelatioh Of tHe'dlfects to actual 
yield (tesf data):' - ■ - ■ ''■ '^f 

• - The inputs to the efficiency estimator inclade^layer and prbbess tools 
data acquirerffrbrh the-FAB host (liiie 14^): This itiay inbluder'foi- example, 
metrology and process tool data subli as the stsrte of'a pi^dcess'tooL The 
inputs may also ihclude killer defect identifibatibn infbrmation that is based on 
; past correlation with actual yFeld data '(line 144)'. 1n addition, deWcts' " 
classification infcfrmation (line 146) and informa'tidri abbbf the ddfeM^ 
distribution on the wafers that fe'obtairteb' fro^^^ s'fiatial ^^'i'gnattire arlaTysis (line 
148) may also be fed into the yield enhancement system 18. 

From the above: it may be seen thaf th^' sample ^pl^hller uses the layer 
and tool irffbrmation to decrease iribpebtion and review tihie ancl irhF>rove 
inspection results. This results in reduced tesiwa'^i'constjh^idri-'m^ FAB 
and reduces tHroughpbt tirtie for productibn • ifiaterr^i; rsdiices capifeT 
expeh'difures^for inspecfion/review/metrblbgy iools artci" savei' FAB floor space, 
the automatic yield ehhancemVhfsVstem shortens the time to identify 
' the sources of yield excursions, shbrtens "the learhing time of new defects, and 
improves the productivity of the wafer ihspection'ahd revi'evv tools by optimizing 
their use. These goals are achieved through improved data management: 
integrating several types of FAB data and utilizing new software algorithms to 
automate artd'-ispe^d up'the "decision process' to rnbhitor and control FAB yield. 
The system Is a'learning sysfem.l^ccumul'ating data in' both autortiatic and 
manual modes ■ ^nd improving the 'accuracy of automatic decisions based on 
thaf accurtiulatid data. The productivity ofHhe ihspectiorrs and YevleW tools 
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also is imprgyed by the sarnpling. planning module.. This module uses the 
integrated datai to provicle impjoyecl.pjans for using.-the tcjois,, . . , 

The system may,.be depjoyed.acrpss-the FAB, as an oyeraii yield 
enhancement system. Alternatively, it may be deployed .in specifiG/areas of the 
FAB to, provide yjeld cpntrql for a specific group of process, inspection, and 
metrology toojs. Foi; example, in , a. fully automated system (manufacturing 

..cells, short loop cpntrol), the validation and correclive action may be 
communicated autpmatically to the, process tool, thereby promptingjt to 
perform automatic service routines. In this embodiment^ the §ystern uses the 
^ejy^qe routines supplied, by the pr tool, manMfact^re^ and CGBOplies with 

, l^e ^rptpcpi that, activates t^^ = - v, :v . : : it^:: 

It shoulid be, appreciated thatthe defect Knowledge database cjan be 
. used |or. defect source identification irrespectiye, or in aiftdjtion . to, defect 
, classifiQatipr).^ Jhj^,.;^ inspection tool 22 (Fig^ 1) can.spnd^a defect 

map to the, automatic yiejd^ enhancement system 18. Then, certain or all of the 
defects,(depending, forexarTipl^^ output of the smart sampHng -plan 34) 

, may be reyieyved jo the optical and/or SEMTevi^w tool .(24A, 24B, Fig,2). 
Further, if particles -.a re Jo un^^^^^^^ (EPX) analysis can be performed 

using, for example, a SEM jeyiew station such .as. the Opal 9300 in an EDX 

mode. . ,_. ■ ,, r..r, cy ' 

. ^ Since the, defect knowledge database includes.giefect .information, such 

as rn^nufactujer specific and, previous, anal^^ results, a search for a match 
can be. perform^^ and/or, SEM imageS; and the EDX results. 

, In fTiany pase,s,,.a good n^ateh can^ obyiate further processing and point directly 
at the defect source and proposed corrective action. For example, particles 
can come from different sources and different parts of the processing 
chambers. When particles or particular composition are identified, they are 
stored in the defect knowledge database. When the source of the particles 
has been eliminated using a particular corrective action, the corrective action 
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is also stored with a link to the particle information. Then, using a material 
composition match, the appropriate chamber can be identified and the stored 
corrective action provided as a probable solution for the probtem. 

Thus, for example, when it is discovered that particles of particular 
composition have been introduced from a dome of an etcher, and that a 
plasma clear has solved the problem, such data cin be stored in the defect 
kriowlfedge' database'. Then, diii'rihg an investigatiorv-6f particles problem, 
when the EDX reveals that the particles are Of the sarrie- composition as stored 
T in the database, the^^ system may suggest, that a plasma clean be performed 
on the etcher dome. Thus, the suggested coirective. action can be reached at 
very fast, while avoiding having to perform, much processing. Of course, at the 
same time the system may perfornri the classification and other processing as 
discussed above. 

' - Firom'the abdveVit rti^y be^seen th^t a system constructed according to 
the invention providfeb iniproved serhicon While certain 

specific embodiments o^ thei invention are: disclosed as; the invention is 

not limited to these particular forms, but rather is applicable broadly to all such 
variations as fall within the scope of the appended claim^^^^ To those skilled in 
the art to which the invention pertains many modificafibhs'and adaptations will 
occur. For example, various method classification schemes and methods 
. may bemused in implementing the teachings of the invention. In addition, a 
. variety of methods may be sued to identily Vfxe source of defects. Moreover, the 
learning aspects of the invention may be implemented in many ways. Thus, 
the specific structures and hriethods disdiJssefd in detail above are merely 
illustrative of a few specific embodirilentg of the invention. 
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WHAT IS CLAIMED IS: 

^1. In a semiconductor fabrication plant, a defect classification method 
comprising thf steps of: . _ 

- . : receijs/jng. from wafer ^analysis tool, classification cjlata 
associated^with a defect; ; • - • 

^ . . ii.^ . ; receiving", from a wafer analy^^ 

" associated with the' defect; and - - ^ v 

assigning, based on^the classification data* and the defect 
attribute'data, a global classification to the IdefebtV 

- 2.^ The .method of claims t.wbeiein the: assigning st^^^^^^ comprises 
: . . the'Step. oft:comparing;;;at;least.one attrib^^^^ global classification 

f; U ;r with yield ^data if it)m?the fabrication ^^p^ :< :^ • 

3. The methpd of claim 1 wherein the assigning step further comprises 
the step of comparing the defect attribute data with attribute data stored 
in a database. ^ 

4. The'methbd of clafrfi l^fijrther*^^ the step of assigning, based 
" on e^mpiricsif defect yafa; a confidence- levfel to the global classification. 

5. Jhe method of claitTi'l wherf in the assigning step further. comprises 
thQ step, of cpmparing an attribute of the global classification with 
spatial signature analysis data associated with the defect, 

6. The method of claim 1 further comprising the step of identifying, based 
on the global classification, at least one suggested source of the defect. 

7. The method of claim 1 further comprising the step of generating update 
data for at least one of a wafer inspection plan and a wafer review plan. 

8. The method of claim 1 further comprising the step of generating 
corrective action data for a wafer process tool. 

2i 
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9. The method of claim 1 further comprising the step of initiating a 
verification operation for a wafer process tool. 

10. An automatic yield enhancement system for a semiconductor 
'fabrication plant, cornprising:' ' - • * ' 

_ , , a global automatic defect classification module r 

piassifiqation data from at least one of inspection and review tools, 
and generating therefrom a global defect classification; 

' ' a defect feferencfe database storf^ 

Wafer defects; and - - : - ... 

a defect source identification module receiving the global defect 
classification and data from the defect reference data base and 
; ' redetermining therefrom idefeet identification data and defect source 

The automatic yifetd enhMhcerhisnt^^^ 10, further 

conlprising a learning module receiviri^^^^^^ data 
and based thereupon adjusting' operatibn p^rameter^ of the global 
- automatic defect classification modulei..:^ ri-:iw 

12. The automatic yield enhancenient system of claini 10, further 
comprising a learning modu[e receiving the global defect classification 
and sending update information' to at: least one of the inspection and 
review tools. ^ ' 

13. The automatic yield enhancement system of claim 10, further 

^ ' . cornprising a corrective action, modyle receiving data from at least one 
of the global automatic defect classification module, the defect 
reference database, and the defect source identification module, and 
providing ^a check list of proposed^investigative :a:nd corrective actions to 
be taken: for reducing identified tdefeets. . : 
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14. The automatic yield enhancement system ot claim .10. further 
comprising an equipment operation parameters module receiving the 
defect source data and based thereupon sending a self diagnostic 
instruction to the fabrication plant's processing equipment. 

15. The automatic. ^Jeld enhancement.sy.stem.pf claim 10, further 
comprising a sampling module receiving, djate frorn the inspection tool 
and the defect reference database and, based thereupon, generating a 
defect review sampling plan. 

- = =16v> receiving defect^attributes and classification data from inspection and 
review tools, and performing the following operations: 

. ^ V .^ - . for each, defject.ex3mining. whether tlie classification of the 
_ _ : . ^ inspectiop^and xeyie^^ a^e,th^^.§am^^^nd, if so, issuing the 
\ . . 7 , ql^aaific;^^^ , 

when theiclassiflcation of the inspeetioii arid review tools is 
different, examining the defect attributes data to determine global 
classification for the defect; 

. when the, attributes and .classification dat^ do not lead to a 
predefined certainty in defect classification., searching a defect 
database to determine a global classification for the defect; 

when neceissary, baseci oh the global classification, sending a 
signal to one of the inspection and fevfew tool to adjust 
crassificatibn parametersr 

V 17.^ A method of identifyingT>a:.source.dt a wafer defect :in. a semiconductor 
fabrication plant^the method Gomprising the steps of: 

receiving defect classification data from a wafer analysis tool; 

generating a -global defect classification; 
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storing characteristics of various wafer defects in a database; 
and 

determining defect identification and defect source data from the 
global defect classification. 
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